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(54) THERMOPLASTIC CONDUCTIVE POLYMER FORMULATION AND ITS USE 

(57)Abstract: 

PURPOSE: To obtain a formulation having high conductivity and 
excellent plasticity which is suitable for electrodes and conductors 
by compounding a specified film-forming polyanion into a 
polythiophene in an oxidized polycationic form. 
CONSTITUTION: This thermoplastic conductive polymer 
formulation is prepared by mixing (A) a polythiophene in an oxidized 
polycationic form containing the repeating unit expressed by 
formula I and (B) a film-forming polyanion containing sulfated 
alcohol groups expressed by formula II and/or sulfonatoalkylated 
alcohol groups expressed by formula III. In formula I, R1, R2 are 
each straight-chain or branched 1-1 8C alkyl, 2-1 8C alkoxyalkyl, 3- 
8C cycloalkyl, substd. or unsubstd. phenyl or benzyl, 1-6C alkylene 
or the like. In formula III, -(CnH2n)- is straight-chain or branched 
2-1 2C alkylene which has 2 to 5 carbon atoms in the carbon chain 
and which is unsubstd. or substd. with 1-4C alkoxy. 
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^nSl/HCfciLT. FU Aafy, Ci — Ca T)V*- 
footed -Ca T>VzijrZ/T*£>K) \ xtilX«2T^ 
K> : f ITy teOXte 1 T?&£) T^^tl^STfe^o 

, k CH 3 

CH3 
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[0 0 8 7] Xtt, $?jgtCt±ig&|ig£\ z-=f- 
b>> C2 -Ce TWJrX >^a^N+->'J "^^g 
b < « is V a-O^ 'J T^VXti- O -m b < (i- S -T- 

^bTyliWjifCli 1 T*<fc3o 
[0 0 8 8] tffffilCli^ R 3 Rt>*R4 
[0 0 8 9] 
[ft 6 2] 



(IV a) 



5* (IVa) 



[0 0 9 0] T'f^n5ST'fe§„ 

[009 1] J?f«*K-&^>(OSiJ<OWjg**fi6ftS1^K:t3t,^ 

t, maim&m&mt. ^ (j) : 

[0 0 9 2] 
[ft6 3] 

-CH- 

I (J) 
o S 0 3 e 

[0 0 9 3] f^tiSlM/gKliS (K) : 
[0 0 9 4] 

[ft 6 4] 
- CH- 

I 

O- (C„ H 2 „) SO, 9 (K) 



[0 0 9 5] T-^^nsS^:#ty. < £ feg&^tfjfc 

[0 09 6] $?jg&BE£-»±, ( a ) SC 

(V) Rt>VX«^ (V a) : 
[0 0 9 7] 
lit 6 5] 
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H H 
I I 

-c — C- (V) 

I I 

H OR" (C„ Han) S0a e 



H H 




H OR" O — S O 3 e 

CO 0 9 8] T'^^tX^«igm(49 0~5^!/% ; RZf 
(b) (VI) : 
CO 0 9 9] 
Cffc6 6] 

H R 8 
I I 

-c — C- (VI) 

I I 

R 7 R 9 

[0 100] [i£fK Rt teH. Ci -Ce T;V*>W 

— COORioXii-COO" T*£>K> \ Ra fc*H. F. C 
K CNXtiCi -Ce Y>\s3r>l-e&K> ; R 9 teH. o 
H. — R " OH. F. C K CN. Rio-O-. Ci - 
Ci2T;l/4^l\ —COO- . — COORio. — OCO — 
Rio, *?-?Vy x.—;\s5t&7 jl-jV (ClT\ R io C 

1 -Ci8Z;l/^K Cs -C? ^>^o7W;K (Ci 

— CizT)V*;V) -Cs-C? ^>^n7W;K T7x~ 
;K (Ci —C\2T)\y^rM 7x^/1/, 

(Ci -Cj 2 T)\s*M -O^l/Tfet) iflTR" fcfc 

ffl<D*+-9-T;l/*U>*fi[**r , r^#U (C2 -Ce aj- 
T*<fe£) T*£>D : flTS : - (Cn 

[oioi] coE^ftiH (V) XtiS 

(Va) com^mtiL 6 .0 — 1 0^;b%. gt>JffafCtt6 
0-2 0^/l/%MS (VI) <DmmmtiL4 0-9 0^1/ 
%. »3K:«:4 0—8 0"e)V%^tS o 

[0 1 02] 7;l/+b>i:LTOR" «u »3tctegtfj| 

2 — 6 floaty o f^S^Jtirc^-U^MmcyDifU^ 

>oatt»3Bt?feS 0 ^MMixfuy, i, 2- 
Rtfl, i f 2-. 1. 



(Va) 



4- 7fUX 1. 2-. 1, 3-. 1, 4-fttfl, 

5— ^V^UVMtftC 1 , 2—. 1, 3-. 1, 4-. 
1, 5-Ml, 6-^i/l/yT*$5o 

[0 10 3] #U C*4^r;l^U» tlTOR" 

^bTT;l/^U>g|5^C»Sti:ti^^2 — 4<B. § 
(i 2 Xl± 3 fg^Oo 
20 [0 10 4] R7 tt»®JCttH"e&§o T;l/4^£LT 

t)^n^-COORio tC&l^T. Rio tifcf^CliCi 
-C12 *£>fc?j@tc«:Ci -Ce 

[0 10 5] 7;^/^LTOR 8 fcfc. fcfigtcteCi - 
C4 r;t/^;b7?&0. f^aWKitt^^I/. n — 

^atf;l/ZitJFn-r^l/"t?*So Ra li*fffifc:(iH. C 

[0 10 6] R9 (CfcOS^n^Rio -O-Kl&^T. 
30 Rio tiWigtCtiCi — Ciz7rt/*n^ S&itfiSfCtiCi 
-Ce 7;l/+;l/-e^^ 0 R9 lc<fc O&Zti&T 

ts 0 R9 tcJ;08?n§-COORio Kite^T. RioCi 
#j®tCt±Ci -C12 gt>#»lCfc*Ci -Ce 

R9 K:£Da2*i£-OCORio Icfei^T. RiotifiFJg 
tctiCi -Ci 2 r;l/^;b, gtW^tctic. -Ce T^b 

[0 10 7] «f«ftE^«50»a*|ISfi!K«fc:*5i,>T. 
40 R7 teHT'&D. Rs &H. F. C K 

fit R 9 teH. OH. F. CK CN. C 
1 — C4 TJlJrJl/. Ci -Ce T;l/n^v\ — COO — 
Ci -Ce T/l/^;k -OOC-Ci -Ce T )\>*-)\>^L 

[0108] mc&mtz&.&mz. r? whwo, r 

s A^HXCi>«^l/^feO. f LTR9 t^H. OH. C 

n. 0CH3 xti-coocH 3 -e&^it: (V 

I) ^ilM^fti^T^^o 
[0 10 9] SfcKlWlCjffateE^ftU** ^ (V) J&Zf 
so /Xti (Va) ©«jg*ffi2 0-6 o^e;u%. S-CH 
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2 -CHz -TT^n§lig#fi5 0-4 OWoM* 
S-CH2 -CH (OH) -T^^n^^iimfuO— 5 

otiv%^^ cn£o^;i/S^^<o^f+# i oo% 
[0 1 10] «f«*E^*OS6K:«Fa3a:^li6teflt«:. 

R 1 ! 

i 

- CH 2 -CH-CH-C 
I 

O (Cn H 2 „) 
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[oi i i] mm^m^(D»mrj:mmmmi,i. m&m 

(VII)KX>VX«(VIIa) : 

[0 112] 
[ft6 7] 



(VH) 



R,. 

I 

-CHz -CH-CH-CHz - (VHa) 
I 

O-SOs 6 

[0 113] TS?n5iilf{!i5~l OOtWltf 20 [0 114] 
(VIII) SO'/Xti (Villa) : [{fc6 8] 

-CH 2 -CH = CH-CH 2 - (VI) 



R,, 
I 

CHz — CH — CH — CHz — 



(Vffla) 



R 



[oi i 5] ee** Rnwu ^tvenswcffiiz: L 

T. H. OHXtiC I T*&K>. fLTS : - (Cn 

H 2n ) -immrsmm^&TiimtmmT'&z) 
[oii6] coga^ti. mgta*^; (vii)&t>vx 

te(VIIa) (DMmm&l 0-1 0 0^%, S&fcfigfc: 
1*2 0-6 0^;U%Rtf:ft (VIII) RtjP/Xti (VIII 

O 



30 a) <£>*gjgi|Mu9 o — o^e;l/%. Jt&W^fclW; 8 0 — 4 
0^e^%^:#t?o Rn &!&mcteH5Zl,£C 1 T&tK ^ 
LT R 12 te#j^CteHT*&3o 

[0 117] ffM^:K^^OW@^^fiS^^4DV^T. 

mvsm&m&mz. ^ (ix) : 

[0 118] 
[ft6 9] 




NH- 



R 



13" 



(IX) 



[0 119] Rn te3EM}&T-&£*\ XteCi ^U>T*&£>b\ 

-Ce 7';M^bgb<teCi -Ce T^n^v-T®^^ [0 12 0] 

n/c. ce -C12 r u — uvx^cs -c 8 i/^D7;i/ [fb7 0] 



£>Z>\,HZjZ (IXa) 
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CH2 — CH2 — CH; 



C H 3 C H 3 

1 1 

Si-O-Si -CH 2 
I I 

C H 3 C H 3 



— C H 2 -CH 2 — 



(IX a) 



[0 12 1] T'^tlS^T'^O ; rfiOXtelT'ifc 

[(C n H 2n )] r SO 3 0 



CO 1 2 2] 

fcfcV^T. MOTS' 
[0 1 2 3] 
Kt7 1] 



&mt. 5£ (X) : 




(X) 



CO 1 2 4] (5£fK Ruti. *BSn?*S*», Xt±C 
1 -Ce 7/^;l/tL<tiCi -C6T;b3^->T'S^ 
Cs -C12 T V — U^XtiCs — C« i/?D7 

CH 3 



-CH, -CH 2 -CH : 



Si-0 
I 

CHa 



(IXa) 

CO 1 2 5] 

Kt7 2] 
CHa 
I 

Si — CH2 — C H2 — CH2 — 

1 



CH: 



(IXa) 
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CO 1 2 6] f^Wlt'fe!) ; Ru tid -C12T 
JllrJUT&O ; f LTI : -Cn H 2n -ti. if S H^t? 

7 = K-p$5^nT^§„ 



-O-R3 -0-CH 2 -CH-CH 2 -OR, - 

I 

0 (Cn H 2 n) SO, 9 



co 1 2 7] imicmc$fm%im&mt. -7^>vL,m^. 
\i.mmm^m^m\ mummcm^x. (a) (i 

I) Stf/Xli (II a) : 
CO 1 2 8] 
Ut7 3] 



(n) 



-0-R 3 - 0 -C H 2 — C H — C H 2 -OR, - 

I (Ha) 
OS0 3 ° 

CO 1 2 9] T'ir.Znzm— XliS^-S^jSWS 10 0 [0 1 3 0] 

-5 0*>1%RTJ (b) ift (III) : C(t7 4] 

-O-R3 -0-CH 2 — C H — C H 2 -OR, - 

I (in) 

O R ' 

co 1 3 1] LkiEiS'K R 3 RUR t ti, ^ti^etis. so t^cstir: lt. mmm^it^mmiy^—ivm^^ 2 
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fcfcH. Ci -C20 T/l/^;b. Ci -C20 Ti/^XCiC 

(II) ROVXCi (Ha) cD^jg¥{S6 0-l OO^V 
%. »^>»®^ti6 0 — 9 0^^%R0Fie (III)0«ift 

Wl4 0~o^%. et>»SJcti4 o— i o^i/%* 
t±SEft*nfc5py *ft>git*^os ( i ) : 

[0 13 2] 
[ft 7 5] 
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[0 13 3] Ri Rt/Rz ti. ^ti^nifcxL 

T s K«eL<i±#IR<DCi -Ce 7;l/+;i/-e»5A\ 

l:-CHR a -CHRb - (iS*. Ra &t/Rb it. 

[0134] cnz<Dm^<D»m*nmmi±. R3 
RtfR4 *\ ^n^nsi/^cffliibT. ^ (iv) : 

10 [0 13 5] 
Ut7 6] 



[0 13 6] G£cK X Ci -C4 T)V* [0 13 7] X«#i8fc:fcmi£*££\ ^^l^X 

C 2 -CizT^U^V, Cs-Cs i/^D7;l/ >\ C 2 -Ce TA^U^X. t 

4^J^>\ -0-. — S -SO-. -SO2 - < fciv^n^V^U f^Xte-O— < te- S -Tfc 

CO-. -CO2 -> -N (Ci -C4 T;b^;b) -X £0 Rs RtfRe ti. JffjgJctiHXti^^-efeO. * 

&£-S i (CH3 ) 2 — TfeQ : Rs MRe Ci. ^tl ITy liWjgfcfc* 1 T*$>2> 0 

^nSWClfeuLbT. H. Anyx Ci -C< [0 1 3 8] R 3 RXSRa fc*. WigtCtiiC (IVa) : 

Jl/XteCi -C4 7';l/3*->-C*t) : xtilX«2T^ [0 13 9] 
t> ; ^LTyliOXte 1 "?&£) t^n^It^^f 30 [ft 7 7] 




(IV a) 



[0 14 0] T'^nSlTfeO, Bt>»igtCt£iK (I 
a) : 

[0141] 

[fL7 8] 40 




(I a) 



[0142] ?7KZtiz>mi£m^*?z>#v?-*y*><o 

[0 14 3] ccoE-&1*j^BStKftRtf/XtiX;l/^^h so 



[0 14 4] *r**E^»Orit»b) ^UT-tyti 

mmm^ ^ (o : 

[0 14 5] 

[ft 7 9] 

I 

-C-0S0 3 e !VI e (C) 
I 

[0146] T'TKzri&mmttz titers— >vm&.zf 
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/XteS CD) : 
[0 14 7] 



[ft 8 0] 



-C-0- (Cn H 2n ) -S0 3 e M* 

I 



(D) 



[0 14 8] (±!Ej£*. M* itTfrijV&MXttZ'' 
[0 14 9] NH4\ h 

v\> s-azv^-^Att i ~ i sffls waucw; i — i 

<fc<. ^n^T>'^- l >Ati2~2 4®. S?ilte:te2~ 
1 2®. *^»®^^2~8fficD^mi^ : ?^:#A,T^^T 

T£<. ^LT^eg^r>^-^Ati:4-3 6ffl, »3B 20 
£tt4~2 4ffl^ S£>$F3Sta£4~ 1 8fl00gfKK?& 

[0 15 0] ttcDtBJi. M* *>*L i + . 

N a" gL< l£K + XtiRis Rib Rit Rib N + 
Ris. Rib. RiT&tfRiBtt. ^tl^ftSWCfei b 

— Cib7VI/4vK 7x^;K (Ci — C 12 T)\s*)V) ~7 
x-;k (Ci -C12 Tfr^rtV) Cs -C? 

^^D7;l/*;i/t>l<« (Ci -C12 7;l/W) Cs - 

C? ^^o7Wt'fe§*\ fcSl/^iRis £ Rib «\ 30 

-m^fUyPSOs f LTRi7 RtfRiB li±IB 

Ri5~Rib<D4>£:< lffl^H-eti^v^nT 



f^cfcfjg&m^ftti. Ri5~Ri7#Ci -Cb T 

[0151] T;l/^;l/^brcoRi5~Ri8 ti. jiaiRX 
li#tettT*&oT<fc<. »jgJC«l — 1 2®. S£>*«S 

;K n— . is o— Rtft e r t -^;K ^V^jK 
^\y^;K *^/K y~ ;k 

[0 1 5 2] t KD*->7;l/*/I/i bTORis — R 

8ffl. Mfrc»Jgtcti2— 1 2{@. ft&»jgt«lfcJ; 2~6{@ 

i-Xtt2-tFD^^-ya*-3-^;k 1 
— t: Ka+s/-7b-4 — 1 — t: Ka+y-'N 50 



[0 15 3] T7l/+-;l/7x— /l/RaFr^+^-^V^l/O 

;7x~/K n — Xli i s o— yut';l/7x-;K n — , 
i s o-Xtet e r t-7f;l/7x-;K ^vvl/^x 

x - Mtfffl it -T § T ;Mr Jl/ffc'* V y^^lt § 0 
[0 1 5 4] y^P7;VWt bT<DRi5 —Ris 

[0 15 5] TfrJrfrisZuTfrlrJVtlsTmWtZtlTc 
Ris—Risti, S?j§lc«: (Ci -C12 T)\>*)V) >^a 
-^v^l/Xfc* (Ci -C12 T;l^;l/) z/trwsfrfM 
{Xmmc it * p o -y^)VB b < fc* xf;l/ 5/ * u 

[0 15 6] l^»»Cit Ri5~Ri8&Ci -Ce 7 
XteRis — R17 tiCi -Cb 

[0 15 7] *^O^fiStc43C>Tffll/^n^®^3^:^ 
««M"e«li«nTO^TtJ:^o Fn+S'JWfcS'&f* 

Dt#&c 

[0 15 8] jg^JftfftRrfflttO^U^-ttcDffltt. 
(O^mv. < DSb«Jt*ffi*KlS (L) : 
[0 15 9] 
[ft 8 1] 

I 

-C-OH (L) 



[0 16 0] TS^ti«*«rdtyJ»Rr8itta^(*fc. 
KffcKIE («iLtftru^>- SO3 ) X«« (XT) : 
[0161] 
[ft 8 2] 

C„H 2n O 

(XI) 




SO. 



[0 16 2] T^^n^x;l/h>^^ffi14rg^0 : T 
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[0163] mmttts&mmi*. »»c«tt*yo f> 

—■ r>MB ; iMffc^UV. >un*;l/^ l, 2-v^ 
na:r.£>\ i, i, i - h»j^pDX^>Stf l , 
1, 2, 2— r h 7 ^ a ax? XD<fc ? ^Auy yjtK 
ft**S;N, N-S/7f;l/t>;VA7^ F\ n, n-^ 
x^;l/A7^F, N, N-^^l/7-feh7^ F\ 
N, N-zy^;VT^bY^ F\ N-^^lz-y-:/^ 
n^^Z^ N-^/l/- e -^ya^^^JU. n-^ 

#>S7^ FIH&tf7*£Affi ; S^^l/Xrt^+S/F 

;i/*>cDcfc5&x/l/*;yS ; N— ^rt/fcfuy ^ ; n 
— ^^jl/lf^y ; n — * ^vl/tjl/sfc y v ; ^^mc 
^>7x hy;K ^oa^y-tfx o— ^^no^ 
>\ 1, 2, 4-hU ^aa-^>-tf>S:tf— hn-s>-tf 

CO 1 6 4] EJSHfttt* 0O*tf4 0-2 00t, #jg 

! 

-C-0- (C„ H 2 „) 
I 



Coi6 5] x;i/^^h7;i/^Wb^n/c^xy^->ts 

HM«> flfS^tf^l/^-HWffflFm 847 .353^WHH»KlK* 
^ntv^o X;^th7^l/fWn/c^U 

£ OfrtfH — Py/^BBWffS 0.099.631 
§iIMtf7 7yXHfl^ 1 ,584.814#W«*tC|B 

10 [0 16 6] 8itK{t&tf/Xtix;l/^^hT;l/^;WI:^ 

f>Ji7;l/3+-/i^u^7xy(om4*U*^ 
V(Ofc«)CO#yT— ^-VfcLTmCja^JT&So 

[0 16 7] «JS&K^»tt. Zrtl&ft'j>m<Dj5mc& 
K>. (a) *ttW«»iRXtt*tt»«E*T. <t)iMUI§ 
20 ^*fittc^ (A) : 

[0 16 8] 

[ffc8 3] 

I 

-C-0S0 3 e (A) 
I 

[oi6 9] -e^ti^mmit^nrcTjvzi—;vmj^rj 
/x«±sc (B) : 

[0 17 0] 
30 lit 8 4 ] 

(B) 



-S0 3 ° 



[0 17 1] (xK*s »: ~ (Cn H2n) SIIX 

-C12 7;t/+uyt^§) T^^n§XMth7;^ 

m^ffc<D^<D'>& < 1 1> i ao^aETtc it ( i ) <o^- 40 

fta«£9HV4-fr;Xtt (b) KfflRt^SttSJKOfisfiE 
TK5£ (I) 0^7x>i:^ftlPJ^rKJS^-iJ:SC^tc 

[0 17 2] RiEfcfNcfcCT. c<0E^«i«l»*X*4 
lit^L^^t^c Ii (b) tifi»*coE^cD 
^igfrCffl^^O*Wfi5^35t)> Ii (a) tiSHJgJfi 

[0 1 7 3] «Stt»ft»Jtt. «*W^«ifflK{t1*acf 
jflffitKtBx £?i!lCteH2 O2 . K2S2 Os ^O* (N 50 



HO2 S2 Oa MfffcR (IIDftdMRtfM (ID ft^ 
»31tC(iF e C 1 3 C u C 1 2 T&£ 0 

[0174] a^»ci^«{ft»x«^»8sw^*fifi-r 

SCtmSo 2^&IBtt*mwu {H*WPFiStt&JH 

- y>y;K fl) gb<«I TO^*7 

X. XttMfctfTrt/^*^ (F>fya^BH«Fl ! lFSB3.90 
6.563 4f2MR«#K(OC£) O J: 5 «:^att&JHt?* 
£0 WMEfBtttt. 0. 0 5-5 0mA/cm 2 . ffiglCte 
0. 0 5 — 2 0mA/cm 2 . g kitfSfclte 0 . 05—10 
mA/cm 2 T*9Til\ :7^>*®&. I: fcSSS&Bffi 

— 2 h . ifStcti 1 . 3 — 1 . 6 h <o(Elt*8 



(23) 
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[0 17 5] #U^-14<Dffi<D«SlA. KfSS^MKiS 
K0. 0 5 — 1 t/l// 1 . fcHSKtiO. 05 — 0. 5 

Wlt^^t^^o'S (I) 7 iVOiBfi 
tt. 5JSil'&ftlO*^c»l/^T0. 0 1-1 o&m%. 
Jffjgmtto. l — 5{*fi%T-fe-?T<i;i,\> 

[oi7 6] aaa:*ajs«tt±3*«nTv^So 
i-i zfioaiRB^^-rsTii/itiy— 

;K X^y— n-Rtfi s o -^P/V- n 
— . i s o —RZf t e r t -7 5 S — ;K — 

y— ;K K-rfcy— ^f^^x^y-;k xh^> 

fM^tft 1 — y 

[0 17 7] ««±^c0»HX*i«»*««ia[»<DJB« 

[0 17 8] SJiS«!l*%^*CPlS"e^«»^^«x 7KX 

m*. i — em. w^cti i-4»KM^t/ut' 

[0 17 9] KJSig£Wc> RI^Ftcl^»e:ita-r^{te^) 
[0 18 0] ««tt«Jb^Tbfc*:*W\ Sfgi&E^ 

0. 1 f£m — 0. 3cnu £?StCl£0. 5 /im — 
0. 1 cm. 2t>lCWMlC&0. 5|ini-5 0 0 ^iD, I 
t»Itail/iiD~5 0/ini T'^oTJ:t\ ^<Ojp2te 

[0 1 8 1] ^ (III){t#M»cJ;S«M:fcl\ R3t«tc« 
-2 0—1 5 0°C, WStC 2 0—10 0°COigjST^ 

Tma^tiTt^o & (III)fb^K fNiLtfft«tf«« 
ig«icffi»b&^*l-&K:i±. TKiSttiSJK^TK^oS^-lft 
fcbTffi^*cfc*HMK*T-fe* 0 ®ffl^7k?§1±^!S 

Ci ~ Cm T)Vtty—)Vm. £?StCteCi -C4 7* 



44 

;1/Stfe0, Ci -C4 7;l/n^^TSft^n 

[0 18 2] S«J*a (iiiMb^ftti* ft*Wcte^ 
(III)0#8(*t>b<««ffiXtt»atCliH C 1 . HB 
r. HK Hz S04 , H C 1 04 . HNOa . FSO 
3 H. CF3 SOa H. m^Tf7u\**^m<0&ol£ 
ft«RIf«««Oft /Nn-/vft« (II 

i). WictSffcft (ni)WM-eft*. Fe (HD^frcio 

[0 18 3] it¥Mitlc*$^T. BEHKkRtf/X«t^;l/ 
8 0-1 o 0^;l/%^*atc^-tyBEffi!ftRtf/Xttx;l/ 

[0 18 4] fb^WBtfbffitt. fcOfottBull. Chem. So 
c. Jpn.. 62, 234—238(1989) tCfEtc2*XT^£o RfS 

20 iitsciim^ {t¥&fc<om&fo&^Ti±. mm. 
1 — 1 o 

[0 18 5] Sr&ttEdfttt. SWttt© 

isi»*xtiiiT'$ot, 3^2 0 orsf-extt^-tiw 

[0 18 6] »rSaE^1»tt. *JBJ»i:LT«*0» 

mmz. ffim&z. giss^v*. aMktt&tfntt«$cr 
[oi8 7] »i«ftE^%3?p6«Bfiv*n*«jBwa«. 

M^0. l S/cni<i: O^S^^SnfcWW^S-T*. C(0 
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[oi8 8] mm&m&m^mmznzmm&Jkt? 
[0189] m^m^mmnaytmut it, io 

iCteM&mc&^T 0 . 1-9 011%, »jStCti5~ 

8 OK«%^«T*a^tcffi^jACfc:^^T^^>o i^Jx. 

^ wc^<g*si^ tircm&t&<DftWfr & y ^ x 
sj^nrv^o cn^^w^n^y^x^y y*^K 
^c^^r^^o ^woMtcft&cogwti. ^mj&xf-at 20 

[0 19 0] $fc *58BBWU (a) fS&Rfffltt. JKHEft 

Stife (b) *f«a*»*«fflJ««!^&»Stifc*«ttO 

[0 19 1] (b) <DBt±. (a) tCgV>T 

0. l-9 0li% tBFttt£& 5 — 8 0ll%T*feSo 

*l£ 0 im*£»#2 011%^®^., fc?2;L<«:3 0fi 

[0 19 2] igii&y^X^yyy;, <58x.frfTfBO^ 
X5^y yT&£ 0 

[0193] i. "es-Rzfzs-*uy^ z/<om^^ 

y y^m #J x. fcf 5/ y a v -r > Xte: y ;b #;t/* 
>^^<D->^a^U-7^>(Da^i* ; ^/c. *'JxfU 40 

#U^U> (HDPE) , <g^*#U^U> (LD 
PE) , «ftfiS«*Uxfl/y (LLDPE) o 
[0 19 4] 2. fu^Sl fc:iE«<Dfi£'{*<DS'ai4k 0«x_ 

y'tj^u^t^v^u^t^m^ (WJxtfpp/H 

DPE, P P/LDPE) RZfm&Z>&3i<D#Vx-3-l' 
Zs<Dm&V& (Mx.(fLD P E /W D P E) 0 
[0 19 5] 3. ^ / -R^> - 1 U7 

txe>^, Hut*, ^^uvyyatfi/vitm^*. ««e so 
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<SffijS#UJi^U> (LLDPE) RtfftfeftsK'Jx?- 
U> (LDPE) t<D&&tyte£<D\?—)VMm#£<Opk 

* tf* y ya euy/xf uv-yu tfu 

L DP E/x^UV/W«l£->l/«M£*#. LDPE/ 
ni^UV/T^U^ftfi^f*:. LLDPE/xfl/y 

^^maLDPE/xfi/v 

[0 19 6] 3 a. 7ki^{tLT&KLfck <M 

[0197] 4. ^uxfux #y (p-y^;i/x^ 
u» , #y (a-y^;i/x^-u» o 

[0 19 8] 5. X^U^Xtia— y^/l/X^U^^i/ 
aivXtiT^y;l/^S!W(*i:cDttfi-&(* % 0J*fcfx* L U 
>/y^^ai>s X^l^V/T^y P-hU;k X^U 
>/*$*VjVmTA'*fr. Xfl/>/7^^x>/7 

>'J;H7;i/*^ x^uy/fej<vwy^ x^u 

i^Rtftt^i^ nx.a# »;7*»ju-k yx 

yl^Xlixfby/yn e u>/ s;xy?-* y v 

mtfx^i/>/yy^x>/x^-u>, x^ 
uy/^yy^y/x^ux x^uv/Ji^-u>/y 
^ u >/x ^ x ^ u zs/^ is >y y n e U > 

/X^U^^Ho 
[0 199] 6. Xf 

^yhtta^f*, w^f^yy^^xvtcw-r^x^u 

>?\) a- hU;!/«l^Mt§Xfl/y, #u y^ 
xvtcw-rsx^uvRtfr^ ya - hu;i/ (xti^^ 
^UDXh»J;l/) ; *y y^^ai>^^-r^x^u> N 
7^unzbijMD7^^u«y^ ; #y y^y 
jo^w-rsx^uvstf^Tk^u^vK ; #y y^y 
x^tcw-r^x^u^ ry y axhu;u^t/^7k^u 

^ x^- uy&a'7 y y ;u^r ;b^;bxt*y ^ y y yb^r 
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>Rtf7^UnrhiJ;k r * »J F/:7£ i^cvft 

S. MBS. AS AXttAESI*#fcLT»6h*a 
[0 2 0 0] 7. tAay>I^ ^Jxti^U^na 

;K ^U^fbif-U^v, tfy^yfbtr-ji/. *U7y 
fbif-u-r> ; ^^mc^n^^i^ (JBxfcfigfb 

^fbti— y Tis/wm\*-fro 

[0 2 0 1] 8. a, p-^PiSftKRtf*n6<DBI** 

V*#irVls—b. XVTtrVfrT^ F\ ft6tffc:*y 20 
7^'Ja-h>J;l/ 0 

[0202] 9. m«8«cE*©m«<wasxtt*n6 

kffl<WF»Si#«*k mtUST? U a- F 

;l/»7;l/*;l/ftl^», 7 * y a - F y ;l//7 y 

r ;b n ^ r T^y a— F y 

y vfbtf — ;i4«^<fcxii7* y a - h y ^ ^ y 

^ Sax;/*— # y o 
[0 2 0 3] 10. ^fift^i/ii— ;l/fttf7^XSUi* 

ne»©7^;i/^»tL< ar**— ;i/^&K»;£ft;te 30 

#y tr— ;k <»j7j» 

js 1 {cfEKo^- uy^^t conm^a 
[0204] 1 1. m^-T)\s(om&m^fcmfVkm 

M^tf#y7;l/*l/y^j3-;k #yx?W 

x y y s/v?;i/x— tvI/ £ oftM^i* 0 
[0 2 0 5] 12. #'J7-i!^»;K W^ttfjRy**^ 40 

yv— *#tr*y*4->^^u> ; ffft^ffitt^y 
r^y hx«MB sT*3tHbrc#yr-b»— 

[0 2 0 6] 13. *»J7x-I/y**^KStf#U 
r>f F\ ^mc^ti^kX^U^M 

# y r ^ f k (Dg^o 

[0 2 0 7] 14. "S^tlKD + y;^S^t 
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[0 2 0 8] 15. ^ > k ^^/V^VSRff/Xti 

n*#yz5 Hatf««^*yT5h\ ff^tfU7^ 

F4. *'J7^F6, *U7SK6/6^ 6/10. 6 
/9. 6/1 2Xte4/6. #U75K1 K #U75 
Fl2> m-3rz/U>'zsT^>t7Z/\?Z/m<Dm'&lC& 

^TmzrLfcjsmm&vTB. f ; ^-y-y^u^r^ 

> £ << V ^ ^^Stf/Xti^ 6 mcjggj 

*yr^ «i^.tf#y 2. 4, 

^^b>rU7^;l/7^ KM#Um-7xXl/WV 

*U7*zsPkm^fc. -r*yv-x«fb^«*c«^tL 

< «y^:7 Fttfil^^/cX^X b7-^^07 

; 3a±K#yr^ Kk, ffiuttftfy x^uvyy 

* ^-l/y^U n— )\s(D& o y x-r;l/^07"n >y 

EPDMt>KttABST*aiLfc* 
■J7^ KX«4Kl^*y7 5 F ; gfcifcju ftnX^tCfB^ 
?«>f'J7^ F (R I M#'J7^ VJh) 0 

[0 2 0 9] 16. *y«jR. #y-<5 F\ *U7^ F 
— r^F\ ROT'J^vX^^^/-^ 

[0 2 10] 17. ^^^V^k^T^b^^l/SLthV 

p>si#^n§#yaix^K w^yxfi/yfi/7 

F. *y7fUyrl/7^U"h, #yi, 4- 
^fP-^^D^Ifyf 1/7$ F. #UbK 

# y gs«^ns ^ i?#m&& y x— r- 

^xXtv!/ ; icfc. #y # — hXtiMB St^S 
l/c#yxxf;l 0 

[0 2 11] 18. *y*— hRtf*ya:x-r;l/ 

[0 2 12] 19. #y jl— r-^X/l/^ 

y x-—TjVr f Vo 

[0 2 13] 2 0. —J5<DT)V^t\i KMtt07x/ 
fi-&t*. (5Jx.tf^xy-;l//^l/A7';l/7 r eF\ 

[0 2 14] 2 1. fttt&tPPftttOT^i/* K»Ko 
[0 2 15] 2 2. fSfiJRtf^fflft^A^l/^VKk^ffi 

s^#y^x^;i/*^RW*n«^ffia#yaix^i/is 

[0 2 16] 2 3. m7L&^#*i/7?V \s— F. U 
$>T^y U— FXti^y aiX-r-71/T^y h^J: ^ 
aBRT^y/l/KaiX^I/^BKW^nfcSRtte^ttT 

^> y /b^sio 
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[0 2 17] 2 4. *95>HW. RStWJE. *U>TV 

[0218] 25. #ux.**^h\ H^tfexyyv 

[0 2 19] 2 6. 35«Mdfk> W*HHr;l/n— X. ^ 

[0 2 2 0] 2 7. fu^fi^O*!^ (*U7l/> 
F) , MxtfPP/EPDM, #UT^F/EPDMt 
KtiABS, PVC/EVA, PVC/ABS, PV 
C/MBS, PC/ABS, PBTP/ABS, PC/ 
ASA. PC/PBT, PVC/CPE, PVC/7^ 
Ul/-f, POM/?ftpT^14PUR. PC/^pJ^14P 
UR. POM/7^»;i/-K POM/MBS, PPO 
/HIPS. PPO/PA6. 6RffJtl^ PA/ 
HDPE. PA/PP, PA/PPOo 

[0 2 2 2] *f«aE^Wtt^X^-y*SEfB7*4i»0 

ipx. sf&. if ffi b ^ fc i&mtof&mc x k> wmi t 
a'-sim^^^mwfc^eiftttffi-efi^b. 

So 

[0 2 2 3] |»B!fttty^X^y *Rtf«J6Wfc:SR«tt 
»fc?E«ttfc*— ft«cig^-r*ci!:*cj;»>. &£frba6 

[0224] mmtem&mz. mMvmmvtcvxD^fr 

SSI. SS. NHS. «* ¥Kp n p> /£fB^p n p 
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uv^ifli, mmi&B* mmtiuz. iwhusjb. g^o 
[0225] mn&mmttmm*. &*cmE.TRxf±. 

tf, ^fttt* -H&lC>3:< £&0. 0 lS/cmT*&£ 0 ff 
B^te. ^n^^<^p c nC0M^Mbtci:oT^i6SC 

[0 2 2 6] *«W©^^fc:SiJOBWti. 

[0 2 2 7] 

20 SfeOTfeSo »S^ira^j*^a£oT9J^bfco 3 1® 
3£2ki:D I N 5 3 4 5 5&Cfi£oT$J5£U iJ^TM&U 

m (Tg ) ti^s^M^w^cseoTpj^b/co oe 

BMtlftRiaittS^^^HWPffs .061 .401 #WW*tc8B 

[0228] ^ss^j i : &mMmm^ 

y^A!2g (3. 6mmol) [K# »J (0-fcFa 

*$/x— t-jW c±. ex^y— ;i/Ai:i£x:7iy— ;!/ 

30 3 0 ^/l/%^»»Wki8tMffc^nT*5 9 . ¥*S^fi 2 
8 0 0 0^;bh>T&£] Rtf 3, 4-x^U>> ? ^^ 
Z/tt-y^ZS (EDT) 0. 2ml (0. 7 5§i%) ^ 

JK*rm»-fe;Wc^U ^FStt^rxTSifcbfco cot/b 

iCjBMffl&X* 1 — /l/«S (ffi»5cni 2 ) SSOWtfco « 

lAg/AgCl *»ttfc»«bfeo ttb/cSM 
40 «*>>£««tofc:fW#U T-tr h~ h U i BSfSSffiffi 

E) . ttBRftffi (Epot W/Ref) Rtf«»B#[ffl*3i 

1 K^^b/Co 

[0 2 2 9] 
[111 
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nmmm. 

(tnA/cm 3 ) 


(V) 


E P „ t W/Ref 
(V) 


t(h) 


o (S/cm) 


0.1 


3.1 


1.5 ~1.6 


2.5 


70 


0.2 


3.14 


1.2 


1.5 


27 


0.06 


2.85 


1.01 


16 


6 



[0230] mmm2 : mkity^y^ymm cacBHt 

g2 5^;l/%) CDO. 0 5mol/l RZf3, 
r^*^7iV6. 8g (5ml) £r7afc?UV 
2 o 0miRrf*2mncjS»u. co»iK*ftW-fe^» 

WS^flKOfattfco c<7M?;Wc3. 6C/cm 2 <D«?5i!£:SS 
mm±^7 0 /im <D^K*M#«bfc 0 C<£>»^£: 
SSL, a£SS#J l kH»te*tfeo »»D#*4s« l 

0 4S/cmT*&o/c 0 

[0231] ^sswi 3 : mmity x y *->mm anm<t 20 

g2 5t;l/%) (0. 0 5mol/l) 6 g 3 , 

l/^^ft7xy (EDT) 0. 4 8mo 
1/1 *Zfu\£U>\ 0 OmlRtf*lmHC}gg?b. CCOjg 

tcSS*ffl^x^—;i/*@^0Wtrco ctf>fe;wc7. 2 

c/cm 2 co««t*at-r phs±k: no^ (ommffm 

/Co »K<Z>tSS*li2 0 0S/aiT*6ofco 
[0 2 3 2] ^SSWI4 :j8»kUy-7fD7*h> 

^ffl^rc^Ci^fiSWJ3^I^^C^Sgb/co »Si<D«« 30 

4H2 2 8 OS/anT^ofCo 
[0 2 3 33 **«5 :«3MMft2. 2-W (4-t 

»{t7xy*^»BB (BS»ffcaE2 3^;b%) 00. 0 5 
mol/1 igi&Rtf 3, 4-lfI/^^t7xV 
(EDT) 6 g^r^aVf 1 0 OmlRtJFTk 1 mUCr§^ 

/Co co^;l/Jc«lffl&x^— ;l/*ffi*aX0frritfco CCD 

■fe;WC7. 2C/cm 2 OMStSrSTT^ »ffi±tC 1 1 0 /x 

aiKiftjiLfco mm(omnmz3 5 os/cm-e&o/c 0 

[0 2 3 4] jgfiBfifl 6 : 7Zmiu.mWn& 

^Ai£0. 3 5g (p-tKP^X- 

$01/ h Rt/3, 4-XfUV^'>ft7 

i> (EDT) 0. 2ml (0. 7 5§i%) ^:/a^U 



/Co C©EDT©iii^ HWlBKlJfrftJtlH* 
lAg/AgCHC«lifil. 5*;l/hO^»fflKJE 

3 5Mtc3 6 fim <Dmm*mm\,rco cvmrnttmrn 

U ftKMi fcH«clH*bfco i i 5 

S/cm~£?<feo /c 0 
[0 2 3 51 %ffiCN7 : 5S*ffiiW««£- 
n Ka^>vWfc->X-# U h U - n -7?- 

ilz/yt-^iSO. 3 5g [l-VX-^'Jy'^v'xy 

affltffcsn-cv* (*s^pfF5 ,061 .401 ^commm i c 

t£w»Jfi«4lfeM. 3 000 0 0) ] RO'EDTO. 2 
ml (0. 7 5§1%) 4^D^by*-#t-b3 0«l 

»»*W«bfco Epot (W/ref) : 1. 5 
K «!5ftmia: 1. 6mA/cm 2 , Epot (W/CE) : 7 

*;bK ^ : 5 o^-o 5 7 (■» <Dmm<»mmmz 1 3 

OS/cmffeofdo 

[0236] mn&ms &mmtmm& 

i&O. 3 5g K#Ulfr.;l/T;bzi-;Ui. 7 7^% 

*<»^»ca«ffc«nT^s] atfEDTo. 2mi 

(0. 7 5§I%) *^neuy*-#t-f 3 0«1C 

Epot (W/r e f) : 1. 5dOt/K miSitmft : 2mA 
/cm 2 . Epot (W/CE) :8. 5 b . B#R3 : 4 0 
3 0 ftmCDjSPtDJie^te 6 OS/cmT' fcofc„ 

[0237] *ffi^J9 : \£=.^y^y—^t7.f-u^(o 

±±a^(i:0. 7 9) Ob')-n-W7yt- 

[g£«fi^m±¥t^?«3 6 0 0T*<g> 
5. 7 7 ; e/U%*W*WKl«E&{t*nTV->*] SO'3, 
4-xfl/y^*->^7i>'l Oml^yatfU>* 
-#t-h3 0- b 1 8 0mlRr/7k2mHi:?g^L. T;b 

2. 0mA/cra 2 lCl3V^T. SH0/l» <D»BI^RIIS±K 

T'jfti^L. 5 0X:T?*KffiTK:*a»Ufc. 

, «D#«^t±5 1. 4S/co, ^|o?l»J^ti6 8MPa , 18 
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[0 2 3 8] mm 1 0 : ®mwj$tzf®&m®.'&& 

E D TRtfSP^WKBHtftLte* V ( 0 ~* FD*->X 

7 1 / A t (£X7 x y a V ->-»x-r 
¥t^^»2 8 0 OO^LTM] 
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, >X -^;W ©«tf&{k«<i> (=n/n+m) KfiStfrTS 
WKOtttWWStttt** /hS*m6UMi (Polymer Labo 
nitoriesS) C J: Offldfcbfc. WBt©9M**tt««ffclS 
0COBII^i:bTO. 3~0. 9GPa T^tLfto Sffl 

CO 2 3 9] 



(n/n+m) 


(S/cm) 


Al/1 0 
RT% 


a 1 

(S/cm) 


Al/1 . 
100 °C% 


a 2 
(S/cm) 


1 


100 


14.5 


135 


11 


126 


0.81 


115 


27 


145 


41 


137 


0.72 


97 


39 


120 


99 


225 


0.63 


57 


55 


145 


88 


212 


0.305 


36 


60 


67 


85 


72 


0.235 


30 


120 


30 


100 


62 


a° : 
a' : 
a 2 : 


100 X:-CS£<*UfcMBI<Z)OT^ 







1 1=1 



[0240] mmm \ \ • edto^ku 

(2. 6mmol) [«E#U FP^>X-f;V) 

tcm^bfco EDT 1 . 14g (8. 0 7mmol) £r8si0 
LfdS. *5ml*OF e C Is 3. 0 6g£:10 0 o CT* 



a - g <DBB^»tt*R mcmm 

[0 2 4 1] 

[i§3] 



40 
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m3m: 


EDTO-ftWl 








mm 




IS CO 


mm 


mm 


a (S/cra) 


A 


(NHOaSzOa 


(a) 


10 


3d 


®* 


0.11 


B 


// 


(b) 


150 


5h 




0.01 


C 


)) 


(a) 


100 


5h 




8X10- 8 


D 


FeCl 3 


(c) 


10 


Id 




2X10" 9 


E 


i) 


(c) 


10 


3d 


» 


3XlO" a 


F 


» 


(a) 


10 


2d 




3X10" 4 


G 




(a) 


100 


5h 




0.13 


H 


/} 


(d) 


100 


5h 




1.82 



(a) : * )\>/* (1 : D 

(b) 

(c) : * Y*l/3-?J—)l> 

(d) : ;* fr/it. (1 : 6) 



(72)SMH* a;l,^y ~74Z/<rto (7Z)56W# >vl/hi»-h ^9-/x>b 

FV^ai 7800 77-<7;^ FWyajWtftH 7800 77^7;^ 

■yr^xe/ah^-b 100 K;l/7->ah7-b 16 

X-fXS 1784 ;Wv*> 



